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HIV associated nephropathy: a treatable condition

M Gary Brook, Robert F Miller

Objectives: To describe current knowledge on the aetiology, pathology, diagnosis, and treatment
of HIV associated nephropathy.
Methods: A Medline search was performed using the key words “HIV,” “nephropathy,” “renal,”
and “kidney.” A further search was performed for each of the currently licensed antiretroviral
agents linked to key words “renal” or “kidney” and also using the MeSH heading “pharmaco-
kinetics.”
Results: HIV associated nephropathy is a common complication of HIV in black African and
Afro-Caribbean patients and presents with progressive renal failure and heavy proteinuria. As
other causes of renal failure are likely to fall in incidence among patients successfully treated with
highly active antiretroviral therapy (HAART), HIV associated nephropathy will become increas-
ingly prominent as a cause of renal impairment in HIV infected patients. Recent evidence
suggests that HIV associated nephropathy will respond to HAART with a dramatic improvement
in renal function.
Conclusion: HIV associated nephropathy is a treatable condition. This condition should be
actively sought in HIV infected patients if they are to receive the benefits of therapy.
(Sex Transm Inf 2001;77:97–100)
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Introduction
Renal impairment in patients with HIV infec-
tion may arise through a variety of diVerent
mechanisms. The majority of causes are related
to problems complicating HIV associated
immunodeficiency or the drugs used to treat
these complications1–12 although the most com-
mon cause of renal failure in the era of highly
active antiretroviral therapy (HAART) is the
syndrome of HIV associated nephropathy
(HIVAN).13–20

Renal impairment unrelated to HIVAN
Renal failure related to treatment, immune
dysregulation, or secondary infection used to
be common during the course of HIV, particu-
larly before HAART became available1–11 (table
1). But with the advent of HAART, there have
been dramatic falls in the occurrence of AIDS
and AIDS related deaths.21–23 Also as a
consequence of HAART, renal failure due to
secondary infections and their treatment is
seen less frequently. None the less, as many as
50% of patients present with a low CD4 count
(<350 cells ×109/l) and/or symptomatic disease
when they are first diagnosed with HIV.24 25

Renal failure will therefore continue to be an
important part of the repertoire of disease seen
in those with HIV. Unlike HIVAN, there seems
to be no link between ethnicity and these other
causes of renal disease.1 2 4 8

HIV associated nephropathy
Evidence has accumulated over the past 15
years that HIV itself may cause specific renal
pathology characterised histologically by focal
and segmental glomerulosclerosis with related
mesangiopathies and clinically by acute or
subacute progressive renal failure with heavy

proteinuria and abnormal echogenic kidneys
on ultrasonography.13–20 26 The other striking
feature of HIVAN is the predominance of black
patients.2 13–20

Pathology
The most common and characteristic histo-
logical finding on renal biopsy or necropsy is
focal and segmental glomerulosclerosis
(FSGS).1 2 5 8 13–16 There may also be glomeru-
lar collapse and microcystic tubulointerstitial
disease.8 13 However, this histology is not
unique and may be seen in HIV negative
patients. Other features suggestive of HIVAN
include podocyte swelling, intracytoplasmic
protein resorption droplets, and less hyalinosis
than is seen in FSGS of other causes, such as
that associated with intravenous heroin misuse
or the idiopathic non-HIV form.8 13 Electron
microscopy changes are also distinctive and
include wrinkling, retraction pleating, and
thickening of the glomerular basement mem-
brane and foot process eVacement.8 Particu-
larly distinctive is the presence of numerous
tubuloreticular inclusions within the cytoplasm
of the glomerular endothelial cells, interstitial
capillary, and arterial endothelial cells and
interstitial leucocytes8 (fig 1).

The exact cause of HIVAN is not fully
understood although proliferation of renal epi-
thelial cells with concurrent apoptosis is a fea-
ture.17 27 There are some in vitro data suggest-
ing that HIV-1 can infect renal tubular
epithelial cells28 causing a failure of growth and
regeneration. HIV-1 infected monocytes,
under the influence of locally secreted
interleukin-6 and tissue necrosis factor á, may
also be an important factor.29 Cytokines such as
transforming growth factor â and macrophage
chemoattractant protein are also thought to
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have a role in the pathogenesis, perhaps stimu-
lated by HIV-1 proteins such as gp-120.30–32

Podocyte damage with resulting loss of func-
tion seems to have a significant role in the loss
of renal function.33

Clinical features
ADULTS

Most patients have late stage HIV infection
with a high viral load and low (<250 × 109/l)
CD4+ lymphocyte count.13–16 In the majority of
reported case series the HIVAN has been diag-
nosed as a result of routine investigations of
HIV infected patients and presents as acute or
chronic renal failure. Symptoms are non-
specific but may include fatigue, malaise, ano-
rexia, and pruritus. Although 40–75% of
patients have nephrotic range proteinuria (>3
g/24 hours) at presentation and many have full
blown nephrotic syndrome with hypoalbumi-
naemia (<30 g/dl), peripheral oedema is
surprisingly uncommon.13 14 18 Hypertension is
also uncommon.13

Black African or Afro-Caribbean patients
predominate, forming 85–97% of patients with
this diagnosis.14 15 17 19 Conversely, HIVAN is
uncommon in other races except when associ-
ated with intravenous heroin misuse,5 6 20 al-
though between 5% and 50% of black adult
patients with HIVAN have also been reported
to be injecting drug users.13 14

Estimates from the United States suggest
that HIVAN aVects 10% of black HIV infected
adults and children and is the third leading
cause of end stage renal disease in the black
population between the ages of 20 and 64
years.15–17 Part of the explanation seems to be a
genetic predisposition to renal disease, as
shown by the familial clustering of end stage
renal disease in black patients with HIVAN.19

There is no diVerence in incidence between the
sexes.20 Reports from the United States show a
trebling in incidence from 1991 to 1996
although it is not clear whether this rise is
related to increased incidence or better
reporting/case finding.18

Data on long term follow up of adults come
mainly from the pre-HAART era and suggest a
median time to death of approximately one
year although there is a wide range. Death is
usually due to other HIV related problems.2 14

The progression of disease can also vary from a
slow deterioration over years to rapid onset of
end stage renal disease within weeks. Prognosis
worsens the higher the proteinuria or serum
creatinine, or the lower the CD4+ lymphocyte
count or the haemoglobin.14

CHILDREN

Black children are as prone to HIVAN as adults
and the natural history in this group has been
well documented.16 Early features include pro-
teinuria, urinary casts, fluid/electrolyte disor-
ders, and enlarged echogenic kidneys on ultra-
sound. The mean time to development of renal
failure or frank nephrotic syndrome after diag-
nosis of early disease is about 20 months. All 30
children in this cohort had other features of
symptomatic HIV disease which included car-
diomyopathy in 65%.16 Hypertension was
uncommon and haematuria (microscopic or
macroscopic) was rare, and so when present
would suggest an alternative cause for the renal
dysfunction.

Diagnosis
HIVAN is a disease that may be diagnosed in
many patients with reasonable confidence
without the need for renal biopsy,16 especially
now that response to antiretroviral therapy can
be added as further supporting evidence (see
below). The characteristic findings are of a
black patient with relatively late stage HIV dis-
ease presenting with proteinuria (>1 g/24
hours), rising serum creatinine, and enlarged
echogenic kidneys on ultrasound.26 Other
causes of renal failure (table 1) should be
excluded (table 2)34 and a renal biopsy will be
necessary in cases not typical of HIVAN (table
2) or in patients failing to respond to therapy
which includes HAART.

Management
SPECIFIC THERAPY

The prognosis of HIVAN has improved
dramatically in the past 2 years.35 36 Before
HAART the prognosis of patients with HIVAN
was poor13–18 although therapy with steroids,
angiotensin converting enzyme inhibitors, and
zidovudine monotherapy all had met with lim-
ited success in terms of modest improvement

Table 1 Common causes of renal failure in HIV

Acute renal failure1 2 4 9–11

Drug related nephrotoxicity*
Heamolytic uraemic syndrome
Acute tubular necrosis (toxic/ischaemic)
Rhabdomyolysis
Intrarenal and extrarenal obstructive nephropathy (mostly drug induced)†
HIV associated nephropathy
Acute interstitial nephritis
Membranoproliferative glomerulonephritis‡
Lupus-like glomerulonephritis
IgA nephropathy

Chronic renal failure2 8

HIV associated nephropathy
Membranous glomerulonephritis
Membranoproliferative glomerulonephritis
IgA nephropathy

*For example, amphotericin B, foscarnet.
†Related to sulphonamides and indinavir.4 12

‡Usually related to hepatitis C or B.1 11

Figure 1 Electron micrograph, HIVAN. Typical
tubuloreticular bodies (centre). (Courtesy of Dr A Palmer).
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in renal function and prolonged survival.37–41

There are also a few case reports of cyclosporin
use with little success.37 42 However, many
patients eventually needed haemodialysis19 43 44

if they had not died of other HIV related prob-
lems. Fortunately, in recent years it has become
apparent that disease progression in patients
with HIVAN can be reversed and renal
function improved following the use of
HAART,35 36 which is confirmed by the per-
sonal experience of the authors. One reported
patient35 was dialysis dependent with biopsy
proved HIVAN, but following HAART the
need for dialysis ceased. A second renal biopsy
subsequently showed a dramatic improvement
in histology and the serum creatinine fell
almost to normal. Needless to say, a high
degree of HAART treatment adherence is
required and one of the authors (MGB) is cur-
rently managing two non-adherent patients
with worsening renal function, one of whom is

now on haemodialysis. Dosage adjustments
according to serum creatinine/creatinine clear-
ance are required for many of the nucleoside
analogues but not usually for protease inhibi-
tors or non-nucleoside reverse transcriptase
inhibitors (table 3)45–52 It should be remem-
bered that frequent dosage changes may be
required as the renal function improves.

OTHER TREATMENT CONSIDERATIONS

Care of patients with HIVAN, as with any
patient with renal impairment, should include
monitoring the patient’s blood pressure and
the use of an ACE inhibitor to keep the systolic
and diastolic pressures below 150 and 90 mm
Hg. respectively.37 38 41 However, black patients
may not respond well to ACE inhibitors and
therefore diuretics or calcium channel antago-
nists may also be required. Anaemia is also
commonly associated with renal failure and,
providing alternative causes other than renal
failure have been excluded, may require
treatment with blood transfusion or erythro-
poietin. Similarly, serum electrolytes levels,
including calcium, should be measured regu-
larly.

Renal support with haemodialysis or con-
tinuous ambulatory peritoneal dialysis may still
be required,2 9 14 18 19 particularly in patients
presenting with severe renal failure or who do
not respond to HAART for whatever reason.
At present, there is a reluctance to oVer organ
transplantation to HIV positive patients be-
cause of the uncertain prognosis, but given the
recent improvements in outlook because of
HIV therapy, renal transplantation may be-
come a reasonable option for irreversible renal
failure.

Conclusion
HIVAN is a treatable condition and there is
good reason for optimism with regard to the
prognosis of such patients.

Conflict of interest: none.
Contributors: MGB and RFM jointly contributed to writing the
manuscript; MGB performed the literature search.

1 Peraldi MN, Maslo C, Akposso K, et al. Acute renal failure
in the course of HIV infection: a single-institution
retrospective study of ninety-two patients and sixty renal
biopsies. Nephrol Dial Transplant 1999;14:1578–85.

2 Williams DI, Williams DJ, Williams IG, et al. Presentation,
pathology, and outcome of HIV associated renal disease in
a specialist centre for HIV/AIDS. Sex Transm Inf 1998;74:
179–84.

3 Sraer J-D, Peraldi M-N. Virus de l’immunodeficience
humaine et insuYsance renale aigue. Bull Acad Natl Med
1997;181:1763–80.

4 Rao TKS. Acute renal failure syndromes in human
immunodeficiency virus infection. Sem Nephrol 1998;18:
378–95.

5 Madiwale C, Venkataseshan VS. Renal lesions in AIDS: a
biopsy and autopsy study. Indian J Pathol Microbiol
1999;42:45–54.

6 Praditpornsilpa K, Napathorn S, Yenrudi S, et al. Renal
pathology and HIV infection in Thailand. Am J Kidney Dis
1999;33:282–6.

7 Lanjewar DN, Ansari MA, Shetty CR, et al. Renal lesions
associated with AIDS—an autopsy study. Indian J Pathol
Microbiol 1999;42:63–8.

8 D’Agati V, Appel GB. Renal pathology of human immuno-
deficiency virus infection. Sem Nephrol 1998;18:406–21.

9 Rao TKS, Friedman EA. Outcome of severe renal failure in
patients with acquired immunodeficiency syndrome. Am J
Kidney Dis 1995;25:390–8.

10 Chang BG, Markowitz GS, Seshan SV, et al. Renal manifes-
tations of concurrent systemic lupus erythematosus and
HIV infection. Am J Kidney Dis 1999;33:441–9.

11 Cheng J-T, Anderson HL, Markowitz GS, et al. Hepatitis C
virus-associated glomerular disease in patients with human
immunodeficiency virus coinfection. J Am Soc Nephrol
1999;10:1566–74.

Table 2 Features suggesting an aetiology of renal failure other than HIVAN

History
Non-black ethnicity
Nephrotoxic drugs taken recently
Recent acute sepsis, hypotension (acute tubular necrosis)
Renal colic (obstructive uropathy)
Haematuria (other types of glomerulonephritis)
Myoglobinuria, myalgia (rhabdomyolisis)

Examination
Acute sepsis/hypotension (ATN)

Investigations
Haematuria/myoglobunuria (non-HIVAN glomerulonephritis)
Fragmented blood red cells/thrombocytopenia (haemolytic uraemic syndrome)
Antinuclear antibody/serum complement (lupus nephritis)
Serological tests for hepatitis B and C (membranoproliferative glomerulonephritis)
Protein electrophoresis and cryoglobulins (non-HIVAN glomerulonephritis)
Dilated urinary collecting system on ultrasound/IVU (obstructive uropathy)

Table 3 Dose modification of anti-retroviral therapy in adult HIV infected patients with
renal failure45–52

Drug

Dosage adjustments in adults related to creatinine clearance (degree of renal
impairment):

30–60 ml/min
(mild)

10–30 ml/min
(moderate)

<10 ml/min
(severe)i

Nucleoside analogues
Abacavira No change No change No change48

Didanosineb 200 mg once daily 150 mg once daily 100 mg once daily
Lamivudinec 150 mg once daily 100 mg once daily 50 mg once dailyd

Stavudineb 20 mg twice daily 20 mg once dailye 20 mg once daily
Zalcitabine No change 0.75 mg twice dailyf 0.75 mg once daily
Zidovudine No change No change 300–400 mg once daily

Non-nucleoside RTI49–51

Delavirdineg Unknown, theoretically no dose change required
Efavirenzg No change No change No change
Nevirapineg Unknown, theoretically no dose change required

Protease inhibitorsh

Amprenavir No change No change No change
Indinavir No change No change No change
Nelfinavir No change No change No change
Ritonavir No change No change No change
Saquinavir No change No change No change

a The manufacturers recommend avoidance in “severe” renal impairment. Preliminary evidence
suggests no dose change required for any level of renal impairment.48

b Further dose reductions if weight <60 kg.
c Manufacturers recommend a loading dose and first dose reduction at CrCl <50 ml/min, second
dose reduction ar CrCl <30 ml/min, third dose reduction at CrCl <15 ml/min
d Further dose reduction to 25 mg once daily at CrCl <5 ml/min
e These dose changes recommended at CrCl of <50 and <25 ml/min respectively
f This dose recommended at CrCl <40 ml/min
g The non-nucleoside reverse transcriptase inhibitors are primarily liver metabolised and plasma
levels should not be aVected by renal disease.49–51 Of the non-nucleoside reverse transcriptase
inhibitors, only efavirenz is recommended by its manufacturers for use in renal disease with “cau-
tion” in “severe” renal impairment.45

h Protease inhibitors are liver metabolised and so dose adjustment is not necessary in renal
disease.45–47

i Although data are limited, it is suggested that these doses also apply to haemodialysis and peri-
toneal dialysis and doses should be administered after haemodialysis.52

HIV associated nephropathy 99

www.sextransinf.com

http://sti.bmj.com


12 Boubaker K, Sudre P, Bally F, et al. Changes in renal func-
tion associated with indinavir. AIDS 1998;12:F249–54.

13 Klotman PE. HIV-associated nephropathy. Kidney Int 1999;
56:1161–76.

14 Laradi A, Mallet A, Beaufils H, et al. HIV-associated
nephropathy: outcome and prognostic factors. J Am Soc
Nephrol 1998;9:2327–35.

15 Winston JA, Burns GC, Klotman PE. The human immuno-
deficiency virus (HIV) epidemic and HIV-associated neph-
ropathy. Sem Nephrol 1998;4:373–7.

16 Ray PE, Rakusan T, Loechelt BJ, et al. Human immuno-
deficiency virus (HIV)-associated nephropathy in children
from the Washington DC area: 12 years’ experience. Sem
Nephrol 1998;18:396–405.

17 Schwartz EJ, Klotman PE. Pathogenesis of human immuno-
deficiency virus (HIV)-associated nephropathy. Sem Neph-
rol 1998;18:436–45.

18 Winston JA, Klotman ME, Klotman PE. HIV-associated
nephropathy is a late, not early, manifestation of HIV-1
infection. Kidney Int 1999;55:1036–40.

19 Freedman BI, Soucie JM, Stone SM, et al. Familial cluster-
ing of end-stage renal disease in blacks with HIV-associated
nephropathy. Am J Kidney Dis 1999;34:254–8.

20 Mokrzycki MH, Oo TN, Patel K, et al. Human immuno-
deficiency virus-associated nephropathy in the Bronx: low
prevalence in a predominantly Hispanic population. Am J
Nephrol 1998;18:508–12.

21 PHLS Communicable Diseases Surveillance Centre. AIDS
and HIV infection in the United Kingdom: monthly report.
Commun Dis Rep 2000;10:37–40.

22 Palella FJJ, Delaney KM, Moorman AC, et al. Declining
morbidity and mortality among patients with advanced
human immunodeficiency virus infection. HIV outpatient
study investigators. N Engl J Med 1998;338:853–60.

23 Law MG, Li Y, McDonald AM, et al. Estimating the popu-
lation impact in Australia of improved anti-retroviral treat-
ment for HIV infection. AIDS 2000;14:197–201.

24 Gupta SB, Gilbert RL, Brady AR, et al. CD4 cell counts in
adults with newly diagnosed HIV infection: result of
surveillance in England and Wales 1990–1998. AIDS
2000;14:853–61.

25 PHLS Communicable Diseases Surveillance Centre. As
HIV related deaths fall, increased numbers need treatment.
Commun Dis Rep 1998;8:421,429–30.

26 Di Fiori JL, Rodrigue D, Kaptein EM, et al. Diagnostic
sonography of HIV-associated nephropathy: new observa-
tions and clinical correlation. AJR 1998;171:713–6.

27 Singhal PC, Sharma P, Loona R, et al. Enhanced prolifera-
tion, apoptosis, and matrix accumulation by mesangial cells
derived from HIV-1 transgenic mice. J Invest Med 1998;46:
297–302.

28 Ray PE, Liu X-H, Henry D, et al. Infection of human
primary renal epithelial cells with HIV-1 from children with
HIV-associated nephropathy. Kidney Int 1998;53:1217–29.

29 O’Donnell MP, Chao CC, Gekker G, et al. Renal cell cyto-
kine production stimulates HIV-1 expression in chronically
HIV-1-infected monocytes. Kidney Int 1998;53:593–7.

30 Yamamoto T, Noble NA, Miller DE, et al. Increased levels of
transforming growth factor-â in HIV-associated nephropa-
thy. Kidney Int 1999;55:579–92.

31 Kapasi A, Bhat P, Singhal PC. Tubular cell and HIV-1
gp120 interaction products promote migration of mono-
cytes. Inflammation 1998;22:137–44.

32 Singhal PC, Sagar S, Reddy K, et al. HIV-1 gp120 envelope
protein and morphine-tubular cell interaction products
modulate kidney fibroblast proliferation. J Invest Med
1998;46:243–8.

33 Barisoni L, Kriz W, Mundel P, et al. The dysregulated podo-
cyte phenotype: a novel concept in the pathogenesis of col-
lapsing idiopathic focal segmental glomerulosclerosis and
HIV-associated nephropathy. J Am Soc Nephrol 1999;10:
51–61.

34 Dellow EL, Unwin RJ, Miller RF. Presentation, diagnosis
and management of renal failure in patients with HIV
infection. AIDS Patient Care STDs 2000;14:71–7.

35 Wali RK, Drachenberg CI, Papadimitriou JC, et al. HIV-1-
assocated nephropathy and response to highly-active
antiretroviral therapy. Lancet 1998;352:783–4.

36 Viani RM, Dankner WM, Muelenaer PA, et al. Resolution of
HIV-associated nephrotic syndrome with highly active
antiretroviral therapy delivered by gastrostomy tube.
Pediatrics 1999;104:1394–6.

37 Kimmel PL, Bosch JP, Vassalotti JA. Treatment of human
immunodeficiency virus (HIV)-associated nephropathy.
Sem Nephrol 1998;18:446–58.

38 Kimmel PL, Mishkin GJ, Umana WO. Captopril and renal
survival with human immunodeficiency virus nephropathy.
Am J Kidney Dis 1996;28:202–8.

39 Watterson MK, Detwiler RK, Bolin P Jr. Clinical response
to prolonged corticosteroids in a patient with human
immunodeficiency virus-associated nephropathy. Am J
Kidney Dis 1997;29:624–6.

40 Mattana J, Siegal FP, Schwarzwald E, et al. AIDS-associated
membranous nephropathy with advanced renal failure:
response to prednisolone. Am J Kidney Dis 1997;30:116–9.

41 Burns GC, Paul SK, Toth IR, et al. EVect of angiotensin-
converting enzyme inhibition in HIV-associated nephropa-
thy. J Am Soc Nephrol 1997;8:1140–6.

42 Singh A, Tejani C, Tejani A. One-center experience with
cyclosporine in refractory nephrotic syndrome in children.
Pediatr Nephrol 1999;13:26–32.

43 Poignet JL, Desassis JF, Chanton N, et al. Prevalence de
l’infection a VIH chez les patients dialyses: resultats d’une
enquete multicentrique nationale. Nephrologie 1999;20:
159–63.

44 Dave MB, Shabih K, Blum S. Maintenance haemodyalisis
in patients with HIV-associated nephropathy. Clin Nephrol
1998;50:367–74.

45 Association of British Pharmaceutical Industry. Compen-
dium of data sheets and summary of product characteristics
1999–2000. London: Datapharm Publications, 1999.

46 British Medical Association, Royal Pharmaceutical Society
of Great Britain. British National Formulary, March 2000.
London: British Medical Association, Royal Pharmaceuti-
cal Society of Great Britain, 2000.

47 Gurtman A, Borrego F, Klotman ME. Management of
antiretroviral therapy. Sem Nephrol 1998;18:459–80.

48 Thompson M. Single dose plasma profiles of abacavir
(1592-ABC) in renal failure. 12th World AIDS Confer-
ence. Geneva, 1998:abstract 42278.

49 Riska P, Lamson M, MacGregor T, et al. Disposition and
biotransformantion of the antiretroviral drug nevirapine in
humans. Drug Metab Dispos 1999;27:895–901.

50 Erickson DA, Mather G, Trager WF, et al. Characterisation
of the in vitro biotransformation of HIV-1 reverse
transcriptase inhibitor nevirapine by human hepatic
cytochromes P-450. Drug Metab Dispos 1999;27:1488–95.

51 Barry M, Mulcahy F, Merry C, et al. Pharmacokinetics and
potential interactions amongst antiretroviral agents used to
treat patients with HIV infection. Clin Pharmacokin
1999;36:289–304.

52 Jayasekara D, Aweeka FT, Rodriguez R, et al. Antiviral
therapy for HIV patients with renal insuYciency. J AIDS
1999;21:384–95.

100 Brook, Miller

www.sextransinf.com

http://sti.bmj.com

